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By C h a ; r l e s  V. Bennett  and James L. Hassell, Jr . 

An investigation of the low-speed flying clmzacteristics of a low- 
Etspect-ratio airplane configuration has been conducted in the Langley 
free-fLight  tunnel. The model consisted of a thin unawept w b g  of 
aapect ra t io  3 mounted on a circular fuselage of fineness ratio 9.33 
t o  sirmzLate the Xs-3 research  airplane. 

The results of the testa indicated that the  static  longitudinal. 
&ability  characteristics of the model with f laps  *retracted were satis- 
factory. With the flaps deflected  the  longitudinal  stability decreased 
with increashg Uft coefficient so that it waa necess= t0 mve the. 
center of gravity t o  the  leading edge of the mean aerodynamic chord t o  
obtain stability at the stall. The longitudinal  stability could be 
increased over the l i f t  rmge by m?rin@; the  horizontal tail upward, 
but  the  variation of stability with lift coefficient  for  the  flaps- 
deflected  conflguration was not elinhated. The dynamic longitudinal 
s tab i l i ty  characteristics of the mael were satisfactory when sufpicient 
s ta t ic   s tabi l i ty  was provided. 

y 

The model had high static  directional  stabilih%-o'ber  the entire 
--". 

lift range. The dynamic la teral   s tabi l i ty   character is t ics  of the 
model were satisfactory at all llft coefficients up t o  the s t a l l ,  but 
because of the Bmall span of the  aspect r a t i o  3 mdel the r o l l h g  
motions =re faster  and more  di f f icul t   to   control  tlpn those for 
mdela of higher  aspect ratio. A t  the stall, errat ic  roll- mtians 
were encountered which were very diff icul t  t o  control. The lateral- 
flight  characteristics were considered  uneaklafactory when the 
directional-stability  factor CnB W&B less than 0.002 because large 
yaw angles were reached W c h  caused difficulty in mabtahirtg control. 
A larger value of C wae required f o r  sat isfactory flying c m c -  
te r i s t ics  f o r  the  aspect ratio 3 model than is required f o r  mdels of 
higher  aspect r a t io .  

ns 
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IIYTRODETIOH 

The w e  of low-aspect -ratio wings  ha^ been proposed as a possible 
means of  eLLmtmt5ng or  m i z h g  some of the  problem^ of high-speed 
f l ight .  As a part of a general resemh study of the stability charac- 
te r i s t ics  of low-aspect-ra.tio wingt3, an Investigation was conducted in 
the Langley free-f Bght tunnel t o  determine the low-speed stabi l i ty  
and control  characteristics of 89 airplane model w i t h  an unswept 
aspect ratio 2 wing (reference 1) . This work Ehowed that the flight 
characteristics of the aspect  ratio 2 modelmre not as good as those 
of an aspect  ratio 6 mdel- The present  investigatian waa undertaken 
In order to  obtain data fo r  an intermediate aspect-ratio model and t o  
determine the low-speed flight characteristics of a model simflar 
t o  the XS-3 airplane, a high-speed amlane configuration equipped 
with a thin unswept WFng of aspect ratio 3 asd taper ratio 0.4. 

The hveatigation included force and flight tes ts  of a model with 
an unswept aspect  ratio 3 wing and a fueehge of fineness rat io  9.33. 
Tests were made wlth f laps  retracted and extended. Ih addition,  the 
effect on fl ight  characterist ics of mass distribution,  horizontal- 
ta i l  location, and static directional stability was obtained. C&u- 
latione were made to  deterniine the  oscil latory-stabil i ty boundaries 
of the t e s t  model and the results of these calculatione w e r e  correlated 
with the flight results 

The forces and mments were measured about the stabil i ty axes. A 
diagram of these axes showing the positive directicrne of the forces 
and moments is given &B figure 1. 
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=le of attack, degrees 

Hft coefficient (Li f t /@)  

dxw coefficient (Drag/@) 
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w3ng mea, square feet  

QnanLc pres~ure,  pounds per square foot 

wing span, feet 

airspeed, feet per second 

radius of gyration about the principal X - d s ,  feet  

radius of gyration about the  principal Z-axis, fee t  

flight-path angle, positive refers to  CIA&, degrees 

angle of attack of prhcipal  longitudinal axis of airplane, 
positive when principal axis is above flight path at the 
nose, degrees 

weight, pounds 

wing loading, pounds per square foot 

tail length, measured from center of gravity t o  center of 
pressure of tail, feet 

mean aerodynamic chord, measured in plene p m l l e l  to plane 

mass density of air a* st- conditione, slugs per  cubic 
foo t  

angle of eideslip, darees 

yawing -aqdax-velocitg p a m t e r ,  radians 

helix angle eneratea by wing t i p  (rolling-anguhr-velocity 
parameter 7 , radians 

relative  -density  factor ( m / p ~ b )  

Inass, slugs 
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effective-dihedral  parameter;  rate of change of 

coefficient  with angle of sideslip, per degree 

directional-etability parameter; rate of change of y a w -  
moment  coefficient  with angle of sideslip,  per  degree 

unless otherwise noted 

effective side-mea paxasleter;  rate of cha;nge of lateral- 
force  coefficient  with eideslip,  per degree 

U i k S E  othelwiee IlOt8d 

rate of change of yawbg-nt 

anguhx-velocity  factor,  per radian 

rate  of  change of mllln@-mment roll%- 
angular-velocity  factor,  per radian 

rate of change of lateral-force  coefficient  wlth r o u -  - 

mgulm-velocity factor, per  radian 

rate of change of yawing-moment coefficient  with yawing- 

aslgular-velocity fastor, per  radian @) 
(3) rate of change of rolllng-momnt coefficient  with  yawing- 

asgular-velocity  factor,  per  radian 

rate of change of lateral-force 

--velocity  factor,  per  radian 

incidence,  degrees 
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R Routh's discrhfnant (R = BCD - & - B% = 0) 

5 

where 

A, B, C, D, atrd E m e  codfficiants of the s tab i l i ty  equation 

Subscripts : 

t horizontal t a i l  

The investigahion was conducted in the langley free-flight tunnel, 
which is designed to teat  free-f lying dynmnic models. A camplete 
description of the t m e l  and its operation is given in reference 2. 
5 force tests were made on the free-fli&.t-tunnel six-component 
b a h c e  which is described in reference 3 .  This b-ce rotates in 
yaw with the model so that all forces and moments axe mea~ured about 
the stabi l i ty  axes shorn in figure 1. .- 

Photographs of the model, used t o  simulate the XS-3 ailplane, 
axe shown in figure 2 and a three-view sketch is shown in  f igure 3. 
The model was a midwing configuration and had a circulax section 
fuselage of fineness r a t i o  9 . 3 3 ,  the aft portion of which w&8 blunt. 
The convantimal s t a b i l i z i n g  surfaces were munted an a boom aft and 
above the fuselage. The unewept double-wedge a i r f o i l  section of aspect 
ra t io  3 and taper rat io  0.4 was equipped w i t h  full-span 0.l5-chord 
leading-edge flags which  were deflected 00 o r  300 and inboard trailing- 
edge sp l i t  flaps of 0.30 chord.  which deflected Oo or 60°. The flap- 
deflected  configuration  consisted of the t m i l i n g  and leading-edge 
flaps  deflected sinolltaneously . 

The model was so constructed that the hor izonta l - ta i l  incidence, 
the vertical  locatfon of the horizontal tail, and the maas distribution 
could be varied. The directional  stabil i ty of the model could also be 
varied by munting vert ical  fine of various sizes along the fuselage 
both ahead of asd behind the  center of gravity. 

The dimenaiaaal and mass characteristics of the model are shown 
fn table I. 
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Force Tests 

Force tes t s  were made over an mgle-of -attack range from Oo t o  20° 
t o  determine the  static  longitudinal  stabil i ty  characterist ics of  the 
model with  flaps  retracted and deflected  for two vertical  locations of 
the  horizontal  stabilizer. The incidence of the  stabil izer was varied 
from 00 t o  -loo. 

Tests t o  determine the s ta t ic   la teral   s tabi l i ty   chazacter is t ics  of 
the model with flap6  retracted asd deflected and with the  vertical  
tail off and on were  made at $ = *5O over 811 angle-of-attack range 
from 00 t o  200. lh addition, data were obtained with various amounts 
of directional  stabil i ty by mounting ver t ical  fine of d i f fe rk t  s i zes  
along the Azeelage both ahead. of asd behind the center of gravity 88 
shown in table II. Aileron-effectivaness test8 =re made uith the 
left  aileron  deflected t 6 O  asd +U0 over an angle -of -&ttack range 
f r o m  Oo t o  mo. 

A l l  force tests were made at a dpmmic pressure of 3.0 pounda per 
square foot which corresponde t o  a test Reynolds nmiber of agproxi - 
mately 250,000 based on the mean aerodynamic chord of 0.785 foot. 

Rotation Tests 

V a l u e s  of C n  and Czp f o r  the model wing W B T ~  obtained by the P 
forced  rotation method in the -ley 20-foot free-spinnhg tunnel. 
For these tests, the nodelwbg waa mounted on a r o t a t h g  strut in 
the  vertical  air stream, asd yawing and ro1Ln momnts were  meamred 
f o r  two rates of r o l l h g  rotation. 

Flight Tests 

Flight tests to  determine the aynannic longitudinal and ,lateral 
stabili ty  characterist ics were &e with the center-of -gravity  poeition 
varied from 0 to  10 percent of the mean aerodynaxlc  chord. The lightly 
haded modelwae flown over a l if t-coefficient range f r o m  0.42 to 0.62 
with flaps  retracted and from 0.47 t o  1.17 with  the flaps deflected. 
Addtional flight tes t s  were made with  the  flaps  deflected, with the 
model heavily loaded, over a l if t-coefficient range f rom 0.47 to 1.04. 
The m a s  characterist ics  for  the light and heavy loading conditions 
are  given in table 1. In i3dditionJ flight tes ta  were made to determine 
the  effect upon the   l a te ra l  flight behavior of decreasing the 
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directional  stability by decreasing the s i z e  of the  vertfcal tail o r  
by adding vertical  fin area forward of the center of gravity. (See 
table II.) 

C a l c u l a t i o n s  

cdcuh t ions  were made by the method of reference 4 t o  determine 
the boundary of zero ming of the  lateral  oscillrations (R = 0 )  
f o r  a l i f t  coefficient of 0.6 f o r  the  flap-retracted  configuration 
and for l i f t  coefficients of 0.70 and 1.0 f o r  the flap-extended 
configuration. The ~terod.ynamic, geometric, and m8s characteristics 
used in the calculatione are preeented in table III. The m&8s charac- 
te r i s t ics  of the model were obtained by masuremnt; and flight-path 
@e, t r i m  airepeed, and angle of attack f o r  each lift coefficient 
we- obtained from flight tes ts .  The values of Cyp(tail off)  
asld c 
of c 

9 ( t a i l  o f f )  
were obtained from force tests. The valuee 

were calculated by the  equation of reference 5 
%(tai l  of f )  

which has been verified by unpublished eqerimental data. The other 
t a i l -o f f  s tabi l i ty  parameters were estimated f r o m  the  charte of 
reference 6 .  The tail contributions t o  these parameters were calcu- 
la ted by equations similm t o  those of reference 7. 

Force Tests 

Longitudinal stabilitg. - The s t a t i c   l ong i tudhd   s t ab i l i t y  charac- 
te r i s t ics  of the model are shown in figures 4 t o  8. The data of 
figure 4 show the  effect of f lap  deflection on the Ut, drag, and 
pitching-moment characteristics of the d e l  for the basic configumkion 
with  the  canter of gravi ty  at  the  leading edge of the meas aerodynanic \ 
chord. These data show that deflectbg the f l a p s  increased  the l i f t  
coefficient at which the l i f t  curve  broke  (considered herein t o  be the 
maximum lift coefficient) from 0.64 t o  1.19. These data algo indicate 
that with the  flaps  retracted the model had satisfactory lag i tud ina l  
stability characteristics over the   lhear   por t ion  of the lift curve 
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after which there was a slight nosing-up tendency. The flsp-extended 
data of figure 4 indicate a decrease in the static longitudinal 
s tabi l i ty  over the l i f t  mnge such that fo r  the center-of-gravity 
location at the leading edge of the mean aerodynamic chord, neutral  
a tabi l i tg  was obtained  before mA.yi.rrmm lift w reached. The s tab i l i ty  
was increased fo r  the flap-retracted and fhp-deflected  configurations 
when the incidence of the horizontal tail was changed fra Oo to -5O 
or  -100 as shown in figures 5 a ~ d  6 .  

In an attempt t o  -rove the static longitudinal stabtlity charac- 
teristics at the higher l i f t  coefficients, the horizontal tail- 
mved upward 4 inches on the irertical tail; and the reaulte for this 
configuration are presented in figures 7 and 8 f o r  the flap-retracted 
and f l ap  -extended configuratione, reljrpectively . The flap-retracted 
data of figure 7 indicate that with  the high horizontal-tail  location 
the static margin w a s  increamd by about 0.10 over the linear portion 
of the lift c m e .  The instabi l i ty  that was noted, for the lower 
hor izonta l - ta i l  location was not eWmhated but w&8 delayed approxi- 
mately 20 by the u . d  movement of the  horizontal ta i l .  

The flap-extended data of figure 8 show that the upward movement 
of the horizontal  tail reaulted in an increase in stability over the 
lift range of about 0.12 s t a t i c  margin. 

Lateral s tabi l i ty .  - The effect of f7ap deflection on the lateral 
stabiuty  characterist ics is shown in Flgure 9. These data indicate 
that a relative- degree of directional s tabi l i ty  (C over 0.005 
was obtained  with  the f laps  retracted q p  t o  the angle of attack fo r  
maximLrm lift coefficient (a = 730) .  After the angle of attack f o r  
maximum lift coefficient w a s  reached, the directional  stabil i ty was 
reduced s o m w h a t  but was still r e l a t fveu  high. The flapdeflected 
data indicate the directional  stabil i ty was lacreased by f lap  deflection 
over t3e entire angle-of -attack rmge even after the le of attack 
fo r  lift. The effective dihedral is positive 
large over the angle-of -attack range for  both the  f h p  -retracted and 
flap -deflected  configurations. 

9 3  1 

7% ELnd 

Flight Tee ts 

8 

” 

Flaps retracted.- T h e  dynamic longitudinal stability charac- 
t e r i s t ics  with the f l a G s  retracted w e r e  satisfactory throughout the 
Uft-coefficient range teated (0.42 t o  0.62) with  the  center of 
gravi ty  at the lead- edge of the mean aerodyna;mic chord. The 
longitudinal i n s t a b i l i t y  indicated in  f i v e  4 for  Oo incidence was 
not experienced in flight because with  the  center-of  -gravity  location 
used it was  neceesars to use tbe -XIo stabi l izer  incidence for  t r l m  
at the stall and this tail incidence provided s tab i l i ty  at the stall 
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as shown in figure 5 .  It appeared in the tests that when satisfactory 
static  longitudinal s tabi l i ty  was provided, the dynamic longitudkml 
stability chaxacteristics were satisfactory. 

9 

The flapretracted f l ight   tes ts  t o  determine the dynamic la te ra l  
stability  characteristics  indicated that flights could be made with no 
difficulty  with  the  ailerons  alone o r  with the  ailerone and rudder 
interconnected at angles of attack below the angle of  maximum lift 
(a = P). Emever,  the rolling motions were nuch faster   for  the 
aspect r a t io  3 w3ng model used in the present  investigation than f o r  
the  aspect r a t io  6 mdel investigafion which was reported in refer- 
ence 1. The ease with which the d e l  could  be  flbwn with aileron8 
alone was attributed to the small adverse  motions. These motions 
were Bmall because of the large amount of s t a t i c  directiorIlEtl s tabi l i ty  
(fig. g), the l o w  adverse yaw due to  aileron  deflection as shown in 
figure 10, and the positive value of the yawing moment due t o  r0U.in.n 
factor C, f o r  this Xing which is shown in figure U. P 

In refereme 1 it waa found that the adverse yaw due to aileron 
deflection  increased as the aspect r a t i o  of the wing w&8 decreased. 
The w h g  used in the  present  investigation, however,  does not show 
this trend when cmpared with the data f o r  w i n g s  of  aapect ra t ios  6 
and 2 wan reference 1. (see f ig .  10.) Instead, the aepect ratio 
3 wing has much smaller adverse aileron yawlng maments than either 
the  aspect ra t io  6 or  2 wings. This difference is believed t o  be 
caused by the fact that the aspect ra t io  3 Xing has a very thin 
section  ,with a sharp leading edge, whereas the wings of reference 1 
had conventional KTund-nose a i r f o i l  sections. 

The positive C of the aspect r a t i o  3 wing used in the present 
nP 

Investigation is cmgared with similar unpublished data  for a highly 
cmibered  round-nose wing of identical  plan form In figure ll. These 
data show that the  present wing has positive whereas the canibered 
section h ~ s  negative . This  difference is in memmt with the 
values of Cnp that were calc-ted by the equation for  given 
in reference 5 

c”P 

In the  flap-retracted flight t e s t s  made at lift coefficients which 
corresponded t o  angles of attack above lZO (Etfter break in l i f t  c u r ~ e )  , 
e m t i c  rolling mtions were encountered Ecna the model appeared to  have 
very l i t t l e  damping in ro l l .  This result is verified by the  rotation- 
test data of figure ll which show that the  dqping-in-roll  factor Czp 
dropped t o  zero at 16O angle of attack. The aileron aontrol wae 
powerful.  enough but because of the  relatively high rollbg velocities 
of t h i s  mall-spas model, the p i l o t  had considelrtble difficulty in 
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applying lateral control t o  keep the model fly- smoothly at 'these 
asgles of attack. A t  times, the  pilot  inadvertently  reinforced  the 
errat ic  rolUng mutions, particulazly in flights with  the heavy 
loading  condition in which the increased r o w  inertla cawed 
11 overshoot3ng" in  controll lag  the  att i tude of the  mdel  in ro l l .  

There was no sign of oscil latory  instabil i ty in any of the flights 
made with  the f l a p  retracted. The location of the  oscillatory 
s tabi l i ty  botlnaarg as shown by figure l2 indicate6 that the lateral 
oscillation would be stable  for asy positive value of directional 
s tabi l i ty .  This boundary is valid only f o r  a lift coefficient of 0.6, 
however, and would be erpected to   sh i f t  upward with  decreasing l i f t  
coefficient. The mat   c r i t i ca l   l a t e ra l - s t ab i l i t y  condition with flaps 
retracted would probably  be at very high speeds which could not be 
Si-ted in the Langley free-flight t-1. 

Flaps deflected. - Flight tests made with the  flaps  deflected 
indicated that the dynamic longitudinal s tab i l i ty  was satisfactory 
below a lift coefficient of 0.63 with the center of gravity at 0.10 mean 
aerodynamic chord. A t  l i f t  coefficients above 0.65, the  longitudinal 
s tabi l i tg  decreased, and canstant attention to the elevator  control 
was required t o  prevent the mdel from nosin@; ug. The force-test data 
of figure 13 show the decreased s tabi l i ty  at high lift coefficients 
for  this center-of-gravity  position. The pitchfng motions were not 
of a particularly  violent nature because the msing-q tendency was 
rather mild. When the center of gr@vity was mved t o  0.05 meas aero- 
dynamic chord the longitudinal stabi l i ty  wa8 satisfactory up t o  a 
lift coefficient  of 0.80. when the lift coefficient was increased 
above 0.65 for  the 0.10 mean aero-c chord center-of -gravity 
position  or 0.80 fo r  the o .05 mean aerodynamic chord center-of-gravity 
position, the langi tudhal   s taMli ty  became progreesLvely worse and 
the mdel usually nosed up, etalled, rolled off, asd crashed. 

With the  center of gravity  located a t  the leading edge of the meazl 
aerodynmlc chord, the model could  be flown up t o  a lift coefficient of 
1.17 with no difficulty . As in the case of flaps retracted the nee;Ettive 
tail incidence required for  trim at the stall had a stabil izing  effect  
on the pitching-mment  curve a t  the stall, and this effect  plus the 
stabilizing  effect of moving the center of gravity forward accounted 
for   the  abi l i ty   to   f ly  the model up to  a higher l i f t  coefficient w i t h  
the  center of gravity at the leading edge  of the mean aerodynamic chord. 

Flights made with the  horizontal t a i l  moved upward 4 Inches and 
with the center of gravity at  0.05 m e a n  aerodynamic chord  Fndicated 
that the madel could be flown rrp t o  a I l f t  coefficfent of 1.05 cornpared 
with a l i f t  coefficient of 0.83 with the loxer  horizontal-tail  location. 
Above a lift coefficient of 1.05 the model tended to  nose-up but  could 
usually be controlled 'fairly well with the  elevator. The improved 
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fly- characteristics  with  the high position of the  horizontal tail 
would be expected f r o m  the  force-test data of figure 8 which s h o w  
that the  static  stabil i ty m8 increased over the   en t i re   l i f t  range 
asd that a higher angle of attack was reached before s t a t i c  
instability occurred. 

11 

Lateral-flight  characteristics of the model with flaps  deflected 
were considered satisfactory over a l if t-coefficient range from 0.47 
to 1.17. These flights were made with  the list condition and with 
the  center of gravity at the leading edge of the man a e m ~ c  
chord. As the model stalled,  there was a slight rolling tendency, 
but the. dropping wing could u r ~ u s l l y  be picked up by the ailerons which 
retained some effectiveness a t  the stall. Fl€ghts made with the heavy 
loading a t  l i f t  coefficients from 0.57 t o  1.1 indicated that the f l igh t  
characteristics w e r e  slightly worse than f o r  the  llght-loadbg 
condition because the  increased  inertia  resulted in an overshooting 
tendency similar t o  that previously  described f o r  the  flaps-retracted 
condition. 

Effect Of directional  stabil i ty - The m6UltS Of the f l ights  tO 
dete-e the  effect of decreasing  the  directional stability are 
s-ized in f iguze 14. The vertical-tail  configurations  tested  are 
shown on table U: along with  the values of Gap, CZBI and Cyp that 
were determined from force  tests. The values of kr were estimated 
f r a m  the  equation 

The value of Gr for the  tail-off  condition was calculated by 
assuming that the t a i l  boom acted as a vert ical  tail with the tail 
length measured to the  center of area of the .boom. The large value 
of C of the tai l  boom accounts for  the LEtrge value of Cnr that 
w a s  obtained  with the ta i l  off. All of these. flights were  made at a 
lift coefficient of approximately 0.7. . 

nP 

The results of the t e s t s  in which the   d i rec t imd  s tab i l i ty  was 
decreased by rmvfng   ver t ica l - ta i l  area showed that the model could 
bg flown with m difficulty when the  directional-etability  factor CnB 

was reduced fr~m 0.~85 to 0.0064. when c was decreased to  0.0019, 
the  mdel yawed considerably  but  did  not  get  out of control even with 
the ailerons alone. A f’urther decrease in C t o  0.0014 resulted 
in increased yawing znotiom but the mdel could still be flown a l l e m  

ns 

np 
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alone. C r a s h e s  were frequent  with this condition, however, because of 
the  large y a m  motions. These results indicate that the  present 
mdel  could be flown satisfactorily with  values of Cpe lower than 
the mbimum values that ware considered satisfactory  for  the  aspect 
r a t i o  2 wing which w a s  reported in reference 1. It is believed that 
the mailer adverse JraWLng mamants of the aspect ra t io  3 model 
probably cawed  thia  difference In flight characteristics. No fUghte 
were made with  the  ailerans and rudder  interconnected f o r  values 
of below 0.0064 because removal of both the fin and rudder waa 
necessary t o  reduce c q  t o  0.0019. 

The f l igh t   t es t s  made WLth the  directional  stability reduced by 
adding vertical-fin area ahead of the  center of gra,vity (so that 
rudder control could  be maintained) show that the model could be 
flown with the directional  stabil i ty a s  lox as 0.0023 with ailerons 
and rudder  interconnected o r  with  ailernne  alone. Below 0.0023 the 
model tended t o  fly Fn a supped attitude af'ter a disturbance and 
could not be corrected by the  ailerons. This condition w a ~  not unlike 
those reported in reference 8 in which a model was coneldered m a t i s -  
factory with a conibination of l o w  directional stabilfty and high values 
of the  lateral-force parameter C y B .  High values of C y B  were obtained 
in the present  teste when large  Lateral as8a~ were wed. 

The hlgh va lues  of the BRJrming-in-yaw  p-ter C which a U o  nr 
were obtained with these  vertical-fin  configmatione (table II) tended 
to oppose the yawing motions; but once the model reached a large yaw 
angle, the bmgiag also tended t o  resist the return t o  zero yaw. This 
dmping-in-yaw effect was studied in detail 
reported in reference 9. It i E  of interest  
the  values of Cnr obtained in the presant 
t o  10 timss aa U g e  aa the largest used in 
large values of Cn, for the  present mdel 

the b..eEti@,~iOIl 
t o  note, however, that 
investigation were from 2 
reference 9. The relatively 
can  be explained by the 

lhELsmuch as  the span of the  present model is relatively ,mall and the 
tail length large, the resulting value 2/71 f o r  most of the  vertical- 
tail configurations  tested was approximately 1.0, wh6reas the value 
of 2 / b  f o r  the aspect r a t i o  6 mdel used in reference  9 X&B about 0.5. 
In additim, the valuiss of C 

ne(Wl) 
f o r  the present model were ~ E I  
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A t  no tfme during the f l igh t  tests with reduced directional 
s tabi l i ty  were there any s i p  of oscillatory  instabiUty. The 
boundary for a lift coefficient of 0.7 with the flaps deflected,ahown 
in figure =,ha8 been replotted in figure 15 together  with  the conibi- 
nations of % and Czp with whfch flights were made t o  determine 
the  effect of decreasing % by r e m V i I I g  vertical-tail area. The 
coniblnations of C q  and Czp with which flights were made are  on 
the stable  side of the o s c i U b r Y   s t a b i l i t y  boundary (fig.  15) 
which shows that  the  calculations are In agreement w$th the flight 
results. This boundary does not  apply to the  conditions where + 
was decreased by add- vertical-fin area forward of the center of 
gravity because the s tab i l i ty  parameters wed in tb  calculatiana 
w e r e  based on C asd therefore are not  applicable t o  the 
boundary became mas;g of the  stabil i ty parameters (mch as Cn,> 
would vary w i t h  the addition of the vert ical  fins forward. 

9 (tail) 

13 

CONCLJIDING 

The results of power-off force and flight tests of a model 
equigped w i t h  a thin aspect  ratio 3 unswept Wh3.g in the Langley free- 
flight tunnel are smmarized as follows: 

1. The static longitudinal  stability  characteristics of the model 
with  flaps  retracted were satisfactory. With the flaps  deflected, the 
longitudinal stabi l i ty  decreased  with  increasing lift coefficient so 
that it was necessary to move the center of gravity forward to the 
leading edge of the man ElerOaynamic chord t o  obtain s tab i l i ty  at the 
St& 
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4. The model had high static  directional  stability  over the entee : 
lift range partly becauee a small amount of directional  stability was : 
obtained even with the  vertical  tail o f f .  t 

5 .  The  dynamic lateral stability  characteristics of the model were 
satisfactow,  and  flights  could be maintained  easily  with ailerog8 and 
rudder o r  ailerons alone at all lift  coefficients  up  to  the s t a l l .  The 
roIXng notions, hdever, were faster and mre difficult  to  control 
than those  encountered  with models of  higher  aspect  ratio.  At  the 
s t a l l ,  erratic ro- motions -re encountered  which were very 
dffficult to ccwtrol. 

6. The flight characteristics w e r e  considered unsatisfactory when 
the  directional-stability  factor WBB reduced below approxi- 

mately 0.002 becauee large yaw angles were  reached. which cawed 

required for  the  aspect  ratio 3 model than for modele of higher 
aspect  ratio. 

difficulty in nra in ta in ing  flight More directional  stability was 

Langley Aeronautical Laboratory 
XationalAdvis0x-y Ccmrmittee for  Aercmautics 

-ley Field, Va. 

Je~le~ L. Hassell, Jr. 
Aeronautical Research Scientist 
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W h g :  
Area. sqft . . . . . . . . . . . . . . . . . . . . . . . . .  1.600 span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  2.192 
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Meas a e r o ~ c  chord. ft . . . . . . . . . . . . . . . . .  0 785 
Sweepback at 9 percent chord. deg . . . . . . . . . . . . . . .  8 
~ l h e d m l  ( r eh t ive  to mean thickness line). deg . . . . . . . . .  0 
Taper ratio (Tip chord/Root  chord) . . . . . . . . . . . . . .  0.4 
Airfoil sectfan . . . . . . . . . . . . . .  Flat p k t e  with tapered 

lead- and trailing edgep 

Area.sqft  . . . . . . . . . . . . . . . . . . . . . . . . .  0.u5 
Height. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.468 

Vertical tail: 

Aepect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.02 
Sweepback of leadlng edge. deg . . . . . . . . . . . . . . .  43 
Taper ra t io  (Tip  chord/Rmt  chord) . . . . . . . . . . . . .  0 . 278 
Rudder mea. sq ft, . . . . . . . . . . . . . . . . . . . . .  0.060 
Airfoil section . . . . . . . . . . . . . . . . . . . . .  Flat plate 

Horizontal tail: 
Area. sqft  . . . . . . . . . . . . . . . . . . . . . . . . .  O.@g 
spas. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.958 
AJ3pect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  3.140 
Sweepback of leading edge . . . . . . . . . . . . . . . . . .  22.5 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.444 
Elevator area . . . . . . . . . . . . . . . . . . . . . . . .  0.104 
Air fo i l  section . . . . . . . . . . . . . . . . . . . . .  Flat  plate 

T a i l  boom and dorsal fin area, eq ft . . . . . . . . . . . . . . .  0 -406 
Fusekge length. ft . . . . . . . . . . . . . . . . . . . . . .  4.667 
Over-all length. ft  . . . . . . . . . . . . . . . . . . . . . .  5 =992 

Bavy loading LiKht loading 

W0-e fh6Ile66 =ti0 . . . . . . . 9:1 

&menta of ~nertb. gn-b.2: 
Ix . . . . . . . . . . . . .  75. 652 . . . . .  
Iy . . . . . . . . . . . . .  1.340. 248 . . . . .  
IZ . . . . . . . . . . . . .  1.396. 606 . . . . .  

6 -845 
4.270 
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TABLE II 

" 

VERTICAL TAIL CONFIGURATIONS TESTED AT 
A LIFT COEFFICIENT OF 0.7 WHICH CORRESPONDS 

TO ANGLE OF ATTACK OF 8" 

0.0064 

E X A  0.0018 

XI: 

A 
VALUES 

= z @  

-om20 

.0.0022 

'OCO 16 

0.00 10 

.o.m IO 

-0.00 I7 

-0.00 I9 

-0.0316 

-0.0 17 
- 
-0.00 1 I 

0.0038 

INT 

'Yg 

-0.015 
I 

- 0.0 I4 

-0.01 2 

-0.010 

- 0.01 I 

- 0.016 

-0.017 

- 0.018 

-0.0 19 

-0.ox) 

-0.021 

Cnr 

- 1.39 

-1.05 

-05 I 

-0.45 

- 0.53 

- 1  70 

' - 1.87 

-2.02 

-2.1 I - 

- 2-19 

-2.26 

U 
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, I  

Hb, D/sq ft . . . . . . . . . .  t J , f t . . . .  . . . . . . . . . .  . . . . . . . . .  
v, p f i / B B c  
p, slrrgs/cu fc 

k & f t  . . . . . . . . . . . . .  
9,ft . . . . . . . . . . . . .  

. . . . . . . . . . . .  
p . . . . . . . . . . . . . . . .  

Czp, per radirm . . . . . . . . .  
cz,, per rabicm . . . . . . . . .  
CS, per radlm . . . . . . . . .  
cQ., perradilm . . . . . . . . .  
c y p . . . . . . . . . . . . . . .  
cy, . . . . . . . . . . . . . . .  
c q ,  p0rradi .m . . . . . . . . .  
Cql(tsi1 off), per - - - - - . . . . . . . . . . . . .  . . . . . . . . . . . . .  a , & g  
y,deg 

q , d e g  . . . . . . . . . . . . .  11.0 
8 

I I I 

T 
0 
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WIND DIRECTION 

Figure 1. - The,. stabil i ty.  system of axes. Arrows indicate  positive 
-d i rec t ions  of moments', forces, and control-surface deflections 
"'his- system of axes I s  defined as an orthogonal system having the 
origin at the center of gravity and in-whioh the Z-axis  is in the 
plane of symmetq.. and perpendicular to the relative wind, the 
X - a x i s  is in the plane of symmetry and perpandioular t o  the 
Z-axis, and the Y -exis is pe t ry  e 
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Figure 2. - Wtogretphs of the mdel used in the tests .  (Model wae 
equipped with a double-wedge section instead of the cambered 
section as shown.) 
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SECTION A - A  v ,  
CG AT .iOE 7 I-3~g0”” 

-7 I .9” - 
Figure 3. - Three-view sketch of t e s t  model. 
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PITCHI NG-MOMEN T 
COEFFICIENT, C, 

Figure 4.- Effect of f l a p  deflection on the UFt, drag, and pitching- 
momeIlt chmacteristios of the t e s t  model. Center of gravity at  
leading edge M.A.C.; it = 0. 
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0 4 8 12 I6 20 4 
ANGLE OF ATTACK ,E ,DEG. PITCHING" MEN?2 " 8  

COEFFICIENT, Cm 

Figure 5. - Effect of horizontal-tail incidence on the lift, drag, 
and pitching-moment  characterietics of the test model with flap 
retracted.  Center of gravity at lea,ding edge M.A.C. - 
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PITCHING-MOf" 
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Figure 6.- Effect of horizontal-tail incidence on the l i f t ,  drag, 
and pitching-moment characteristics of the  test  model with flaps 
defleoted and with  the  center of gravity at lead- e Q e  M.A.C. 
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ANGLE OF ATTACK, CC, DEG. 
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TAtL LOCATION 

RAISED 4 INCHES 
"OR. TAIL "-a- 

.2 0 -. 2 74 

PITCHING-MOMENT 
COEFFICIENT, Cm 

Figure 7. - Effect of horizontal-tail  location on the lift, h g ,  
and pitch9ng-moment characteristics of the  tes t  model with f lag8  
retracted. Center of gravity at lead- edge M.A.C .; it = 0. 
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PITCHING-MOMENT 
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Figure 8. - Effect of horizontal-tail  location on the lift, drag, 
a3ld pitching-mmnt  chmacteristics of the test model  with f laps 
deflected.. Center of gravity  at 0.05 M.A.C.; it = 0. 
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v FLAPS UP 

- ”- FLAPS DOWN 
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WQ GQ 
ANGLE OF ATTACK ,K, DEG. 
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Figure 9 .  - Effect of flap deflection on t h e  static l a t e ra l  stability 
cha,racteristioe of the t e s t  model. Center of gravity a t  0 .U M.A.C.; 
it = 0. 
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RIGHT AILERON DEFLECTION, DEG. 

Figure lo.- Aileron r o w  and yawing effectiveness f o r  the aspect 
ratio 3 wing cornpazed t o  those f o r  A = 2 and A = 6 wings of 
ref ereace 1. 
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Figure ll. - Comparison of C and C for  the shw-nose t e s t  

wing and f o r  a round-nose wing of identical plan form. 
2P np 
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EFFECTIVE DIHEDRAL PARAMETER ,-Cz 
P 

Figure 12. - Ca lcu la ted  oscillatory-stAbiUty  boundaries for the test 
model. (See table 111 for conditians. 1 
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. Figure 13.- Effect of t a U  incidence on the  pitching-moment 
characteristics of the  test  model  with flags deflected for 
center-of  -gravity  locations of 0 and 0.10 M.A.C. 
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LATERAL FLIGHT RATINGS 
AILERONS ALONE 

A GOOD 
B FA1 R 
C PO0 R 
D I MPOSSIBLE TO FLY 

- RATINGS IN PARENTHESES ARE FOR 

4 -8 1.2 1.6 2.0 24 
DAMPING-IN-YAW PARAMETER , cn, 

Yigure 14. - Summary of the lateral fly- characteristics of the  teat 
model as were observed by the pilot during flight8 in which  the 
directional  etability was varied. 
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EFFECTIVE DIHEDRAL PARAMETER, -Czp 

Figure 15 - Flap extended lateral-stabil i ty boundary f o r  a lift 
coefficient of 0.7. Ssnibole represent conibtnationa of cIlp 
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Subject N M e r  

Stability, LongitudLn8.l - Static 
Stability, Lateral - Static 
Stability,  Directional - Static 
Stability,  Longitudinal - QYTmmic 
Stabil i ty - Lateral and D i r e c t i m l  - Dynamic 

ABSTRACT 

1.8.1.1.1 
1.8.1.1.2 
1.8.1.1.3 
1.8.1.2.1 
1.8.1.2.2 

The results of power-off force teets  and flight tes te  of a model 
wlth a thin mawept low-wect-ratio wing are presented. The k e t s  
were  made with the  flaps  retracted and deflected a d  the  effects on 
the lateral fl lght  characterist ics of decreasing directional  stabil i ty 
were noted. 

. 
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